Abstract. AVG was applied as the ReTain formulation over three harvest seasons to determine the infl uence of time of application on drop control effi cacy and its infl uence on fruit maturity of 'McIntosh' apples. Effective drop control was achieved through the commercial harvest season with application of AVG made from 1 to 6 weeks before the anticipated start of harvest for untreated fruit. Drop control extended beyond the normal harvest period when application was made either 2 weeks or 1 week before anticipated harvest. Application made between 6 and 4 weeks before anticipated harvest generally delayed parameters associated with ripening, such as softening, degradation of starch, and development of red color, more than applications made on later dates. While AVG consistently and effectively retarded abscission, the length of time it controlled drop varied from year to year, even when used on similar trees in the same block. Once applied, it required 10 to 14 days before AVG started to retard fruit abscission. AVG controlled drop linearly with increasing concentration. AVG was a superior drop control compound than NAA. Chemical names used: aminoethoxyvinylglycine (AVG), naphthaleneacetic acid (NAA).
Aminoethoxyvinylglycine (AVG) is a naturally occurring compound that was found in the early 1970s to inhibit ethylene biosynthesis (Boller et al., 1979) . Early in its development it was recognized that AVG had the capability to retard preharvest drop of apples (Bangerth, 1978) . However, it was an expensive compound to produce, so commercial development was suspended. Following the withdrawal of registration of daminozide for drop control on apples in 1989, Abbott Laboratories resumed development of AVG (Clarke et al., 1996) .
Early work with AVG was generally conducted using dilute hand gun application (Byers, 1997a (Byers, , 1997b Greene, 2002b; Greene and Schupp, 2004; Schupp and Greene, 2004) . In experiments where a commercial sprayer was used for AVG application, a recommended surfactant was not included (Byers, 1997a (Byers, , 1997b . More recently where an appropriate surfactant was included, tree row volume applications were made using speed-sprayersimulated hand gun applications (Stover et al., 2003; Wargo et al., 2004) . Consequently, the most recently published data on AVG was not generated following AVG label recommendations and those that are currently used by orchardists.
Previous reports have shown that the time of AVG application can infl uence preharvest drop and fruit quality (Byers, 1997b; Greene and Schupp, 2004) . However, none of this information was generated using the current AVG formulation, the correct recommended surfactants, and application with a commercial airblast sprayer. Therefore, this investigation was undertaken to determine the effect spray and served as AVG controls for the three times of AVG application. One pair of trees in each block was sprayed on 5 Sept. with 10 mg·L -1 NAA with an airblast sprayer delivering a TRV of 1168 L·ha -1 . Twenty fruit were harvested randomly from the perimeter of each sample tree on 12 Sept. and then weighed. Percent of the surface with red color was estimated to the nearest 10% as well as determining if the red color was intense enough to meet U.S. Extra Fancy red color standards. A subsample of 10 fruit, representative of the sample, was selected and fl esh fi rmness determined on two sides of each fruit using a hand-held Effegi penetrometer (McCormick Fruit Co., Yakima, Wash.) . Soluble solids concentration (SSC) were determined on a composite sample of juice collected while assessing fl esh fi rmness, using a hand-held refractometer (Fisher, Pittsburgh, Pa.) . Fruit from the fi rmness test were cut in half at the equator, dipped in a starch-iodine solution, and the starch pattern was then rated using a generic starch chart (Blanpied and Silsby, 2002) . Twenty fruit were similarly harvested and evaluated from sample trees on 19 Sept., 26 Sept., and 3 Oct. On 29 Aug., all fruit were removed under drop trees and discarded. Twice weekly, all fruit under the drop trees were removed and counted. On 25 Oct., all fruit remaining on the drop trees were harvested and counted and the weekly cumulative drop calculated.
Experiment 2: Time of application, 1997. Forty-two pairs of mature 'Marshall McIntosh'/ Mark were selected that were separated by at least one buffer tree. One tree in each pair was designated as a sample tree and the second as a drop tree, as previously described. Pairs were grouped into six blocks of seven pairs of trees each, based upon crop load and location within the orchard. One pair of trees in each block was sprayed 15 Aug. with 90 mg·L -1 AVG as the ReTain formulation in 0.1% Silwet L-77 at the TRV of 1169 L·ha -1 . Two other pairs of trees in each block were sprayed with the same AVG spray on 29 Aug. and 5 Sept. Three pairs of trees in each block were unsprayed and served as controls for the three times of application. NAA at 10 mg·L -1 was applied at TRV to one pair of trees in each block on 5 Sept. Twenty fruit were harvested from each sample tree on 11, 18, and 25 Sept. and 2 Oct. and evaluated as described in Expt. 1. All fruit were picked up under drop trees on 5 Sept. and discarded. Fruit were then picked up under drop trees two times weekly until 27 Oct. when the fruit remaining on the trees were harvested and cumulative drop calculated.
Experiment 3: Time of application, 1998. Sixty pairs of mature 'Marshall McIntosh'/ Mark separated by a buffer tree were selected. Trees in each pair were designated as either a drop or a sample tree as previously described. Pairs were grouped into six blocks (replications) of six pairs of trees each based on crop load and location in the orchard. One pair of trees in each block was sprayed using a commercial airblast sprayer with 105 mg·L -1 AVG in 0.1% Silwet at the TRV of 1169 L·ha -1 on 3, 10, 18, 24, and 31 Aug. One pair of trees of AVG application when applied at several timings before the normal anticipated time of ripening.
Materials and Methods
Plant material. All trees used in this investigation were mature 'Marshall McIntosh'/ Mark that were growing at the University of Massachusetts Horticultural Research Center, Belchertown, Mass. Normal cultural and pest control practices were used.
Experiment 1: Timing and concentration, 1996 . In a block of Marshall 'McIntosh' 60 pairs of trees were selected that were separated by at least one buffer tree. One tree in each pair was designated to be the sample tree, from which all harvest samples were collected. No fruit were harvested from the second tree, and this served to follow the progression of fruit drop. Tree pairs were placed into six blocks (replications) based upon proximity in the orchard and crop load. within each block was not treated and served as a control. A twenty apple sample was harvested from each sample tree on 10, 17, and 24 Sept. and 1 Oct. and evaluated as described in Expt. 1. All fruit were removed under drop trees on 1 Sept. and discarded. Fruit were picked up under drop trees two times weekly until 22 Oct., when the fruit remaining on the trees were harvested and cumulative drop calculated.
Statistical analysis. Statistical analysis was done twice using analysis of variance. The fi rst was analysis of regression using only AVG. The second analysis used all treatments, where treatment means were separated by orthogonal polynomial comparison.
Results

Experiment 1: Time and concentration,
1996. There was a linear reduction of preharvest drop attributed to AVG (Table 1) . It was not until 18 Oct. that there was signifi cance in response attributed to time of application and it occurred only on that date (Table 1) . NAA did retard drop relative to the control early in the season, but drop control with AVG was superior and lasted longer than NAA. AVG had no infl uence on fruit weight (Table 2 ). However, it did reduce red color development and the number of fruit that could be classifi ed as US Extra Fancy fruit in a linear fashion. There was an AVG × harvest date interaction. AVG had no effect on red color development at the fi rst harvest time on 12 Sept., but on subsequent harvest dates it reduced red color development (data not shown). No treatment infl uenced SSC. AVG reduced the starch rating in the fruit linearly and the time of application infl uenced the response. The later AVG was applied the less effect that it had on retarding starch degradation. AVG fruit were fi rmer at harvest, with the early application date (4 weeks before harvest) having greater fl esh fi rmness than when application was made wither two or one week before anticipated initial harvest. There was also an AVG × harvest date interaction. Delayed softening attributed to AVG was not as great at the early harvests as it was on later harvest dates (data not shown).
Experiment 2: Time of application, 1997. AVG retarded preharvest drop relative to the untreated control for the duration of the experiment (Table 3) . However, the time of application infl uenced the response. Until 9 Oct., applications made at 4, 2, or 1 week before anticipated harvest of untreated trees responded similarly. From 9 Oct. to the termination of the experiment, applications made 1 and 2 weeks before anticipated harvest controlled drop similarly and better than when the same amount of AVG was applied at 4 weeks before anticipated initial harvest of untreated trees. At no time did NAA retard preharvest drop.
Fruit weight at harvest was not infl uenced by any treatment (Table 4) . AVG reduced red color development, but the reduction and the intensity of the red blush was not reduced suffi ciently to affect the percent fruit classifi ed as U.S. Extra Fancy fruit. AVG-treated fruit were fi rmer. There was an AVG × harvest interaction. AVG did not infl uence fl esh fi rmness at the fi rst harvest, but it slowed the loss of fi rmness so that at subsequent harvests AVG-treated fruit were fi rmer (data not shown). AVG retarded the loss of starch from fruit resulting in a lower starch rating. The time it was applied also infl uence starch rating. Early application four weeks before anticipated harvest resulted in a lower starch rating, the intermediated time of application resulted in less retardation, while the latest application made 1 week before anticipated harvest, resulted in no retardation in starch rating.
Experiment 3: Time of application, 1998. AVG retarded preharvest drop, but the time of application infl uenced the response (Table  5) . Early preharvest drop during the fi rst two weeks of September appeared to be controlled by applications made between 3 and 24 Aug., but not by the one made on 31 Aug. Therefore, it appears that between 10 and 14 d is required following AVG application for the effect on retarding preharvest drop to take effect. Time of application also infl uenced drop control starting on 1 Oct. and on subsequent dates. Application on earlier dates resulted in less effective drop control than when the application was made 2 weeks before anticipated start of harvest.
AVG did not infl uence fruit weight although there was an AVG × harvest date interaction (Table 6) . AVG-treated fruit were smaller on the fi rst harvest but on subsequent harvests from the same trees there was no effect (data not shown). AVG treatments, when considered as a whole, did not infl uence red color development or the percent U.S. Extra Fancy fruit, but there was a linear reduction in red color development and U.S. Extra Fancy fruit, with the early application causing reduced red color and subsequent applications causing progressively less reduction (data not shown). No treatment infl uenced fruit soluble solids. AVG-treated fruit were fi rmer and had lower starch rating, and the time of application had no infl uence.
Discussion
The discovery, development, registration, and ultimate commercial use of a plant growth regulator goes through an evolutionary process (Greene, 2002a) . For AVG the pathway to product registration spanned 3 decades. The precipitating event that ultimately resulted in the registration of AVG for preharvest drop control and harvest management of apples was the loss of registration of daminozide in 1989 Schupp and Greene, 2004) . Early development of the use of AVG on apples was previously described (Greene, 2000) . Further development which provided information useful in writing a label for the registration is published in several papers (Byers, 1997a; Clarke et al., 1996; Greene, 2000; Greene and Schupp, 2004; Schupp and Greene, 2004; Shafer et al., 1997) . The purpose of this paper is to describe the fi nal stage in product development where the effects of concentration and time of application of AVG as the ReTain formulation are used under commercial conditions. Drop control response to AVG application where these data are provided is linear with increasing concentration over a wide range of concentrations (Greene, 2002; Greene and Schupp, 2004; Schupp and Greene, 2004 NS,*,**,*** Nonsignifi cant at or signifi cant at P = 0.05, 0.01, or 0.001, respectively; L = linear and Q = quadratic response.
ReTain label restricts maximum active ingredient application to 124 g·ha -1 regardless of tree size or tree row volume (TRV). The concentrations of 45 and 90 mg·L -1 AVG selected for use and reported in Table 1 is a representative and realistic TRV dilute active ingredient applications of 124 g·ha -1 that might be used in the northeastern U.S. on commercial blocks of 'McIntosh' on M.26 and M.9 rootstocks, respectively. If the same active ingredient were to be applied to larger trees with a greater TRV, one might reasonably expect to have reduced drop control on these larger trees.
AVG may be used commercially as a drop control agent for two distinctly different purposes and these may infl uence both the concentration used and the type of trees it is used on. First, 'McIntosh', is the dominant cultivar grown in New England and northern New York state and it effectively ripens over 2 to 2.5 weeks. It is a logistical challenge to harvest a large portion of the crop in such a compressed time period. Use of AVG at perhaps more than one rate per ha to delay ripening and retard preharvest drop provides orchardists with the fl exibility to manage harvest so that high quality fruit may be harvested with minimal loss due to preharvest drop. Secondly, a signifi cant number of orchardists sell their crop directly to the public through pick-your-own. It is very advantageous to have the extremely familiar and popular cultivar 'McIntosh' available not only during the traditional harvest season for 'McIntosh' but well into October, a time when apple sales peak in New England. In this circumstance the maximum allowed amount of ReTain should be applied and its applications should be delayed until 1 to 2 weeks before anticipated harvest of untreated trees for the greatest preharvest drop control late into the season. Preharvest interval is 21 d following application, so blocks treated in this way should be designated for later harvest.
Application of AVG has been done as much as 8 weeks in advance of the anticipate harvest date, but this is too early to be effective on drop control at harvest . In this investigation applications were made during three different growing seasons, on the same block of trees, between 1 and 6 weeks before anticipated harvest with a different response being documented in each of the years. In 1996 the time of application between 1 and 4 weeks before harvest was only signifi cant at one time during the evaluation to 25 Oct., whereas in 1997 differences occurred starting in the second week in October and in 1998 the differences in drop control became signifi cant on 1 Oct. Therefore, the time after application that AVG loses its effectiveness as a drop control compound is as much related to the conditions occurring during the year applied as it is to the time of application in a specifi c year.
The time of application of AVG had a small effect on fruit quality and maturity at harvest. Early application of AVG generally delayed ripening more since fruit were fi rmer in 1996, starch degradation was delayed in 1996 and 1997, and red color was reduced in 1998. The most likely explanation is that early application of AVG reduced fruit ethylene levels sooner in the maturation process, which in turn delayed the ripening process.
Previous reports have not established a time between AVG application and when it starts to retard preharvest drop control becomes effective. This is often times diffi cult to establish because preharvest drop frequently does not start until later in the season. In this investigation application of AVG 1 week before anticipated harvest in 1996 and 1997 was adequate was adequate for early drop control since signifi cant drop did not begin until later in the season. In 1998 there was an AVG × time of application interaction. Drop started earlier in 1998 and AVG was not effective at controlling drop as earlier applications until between 10 and 14 Sept. Therefore, we can conclude from this that between 10 to 14 d is required from the time of AVG application until effective drop control is in place.
Commercially AVG is used for drop control and to delay ripening about 4 weeks before the anticipated start of normal harvest of untreated trees. Results from this investigation suggest that the window of opportunity for the application of AVG as the ReTain formulation is quite wide. Clearly, applications made 2 weeks before harvest in all 3 years were as effective as those made at 4 weeks before harvest. Therefore, orchardist should select a good day to apply AVG during the application window to assure appropriate weather for good spray coverage.
NAA was used as a drop control check in 2 of the 3 years. In these years NAA was a less effective control compound and in both years 1-3 = immature; 4-6 = mature; and 7-9 = over-mature. NS,*,**,*** Nonsignifi cant at or signifi cant at P = 0.05, 0.01, or 0.001, respectively; L = linear and Q = quadratic response. AVG was applied as the Retain formulation at the TRV of 1169 L·ha -1 with 0.1% Silwet. NS,*,**,*** Nonsignifi cant at or signifi cant at P = 0.05, 0.01, or 0.001, respectively; L = linear and Q = quadratic response. it advanced ripening compared with AVG. This is in agreement with recent reports where NAA and AVG have been compared directly (Byers, 1997a; Greene et al., 1987; Greene and Schupp, 2004) .
